Objectives: Sickness absence due to mental disease in the workplace has become a global public health problem. Previous studies report that sickness presenteeism is associated with sickness absence. We aimed to determine optimal cutoff scores for presenteeism in the screening of the future absences due to mental disease.
Introduction
Long-term sickness absence from work due to mental disease has become a global public health problem [1] . For example, Sickness absence due to mental disease, particularly stress-related mental disease, has increased in a number of European countries over the last 20 years [2] . In Japan, a survey of government officials found that mental and behavioral disorders were the most frequent causes of long-term absence, constituting 64.6% of all long-term absences due to illness. Similarly, over the past decade, mental and behavioral disorders have been ranked first among causes of long-term illness-related absences [3] .
Employee illness can result in lost productivity in the form of absenteeism and presenteeism. ''Absenteeism'' refers to an employee's time away from work due to illness or disability. ''Presenteeism,'' which constitutes a kind of job performance, refers to the decrease in productivity in employees who are present but not functioning at full capacity because of illness or other medical conditions [4, 5] . Furthermore, absolute presenteeism can be calculated as the difference between the score for self over the past 28 days and the score for the average worker in the same job. A relative presenteeism score can be computed as the ratio of self versus other scores [6] .
Risk factors for presenteeism or absence (absenteeism) [7, 8] , and a relationship between sickness presenteeism and sickness absence have been observed. Taloyan et al. reported that sickness presenteeism predicts suboptimal self-rated health and sickness absence two years later [9] . Hansen et al. reported that presenteeism is associated with absence due to long-term sickness, and that participants who had gone to work ill more than six times in the year prior to baseline had a 74% higher risk of an absence lasting more than 2 months [10] . Bergström et al. reported that sickness presenteeism on more than five occasions during the baseline year was a statistically significant risk factor for a future illness-related absence of more than 30 days [11] . We previously found a relationship between presenteeism and greater risk of absences due to mental disease in a large-scale cohort of Japanese workers (submitted for publication). Moreover, we indicated that measurement of presenteeism could be used to predict absence risk: specifically, optimal cutoff scores for presenteeism could be established as a means of identifying high-risk employees. In public health, various prediction models have been developed to predict the future occurrence of disease and to target preventive interventions at high-risk subjects. However, to date, there is no optimal cutoff score for presenteeism that could predict the likelihood of absence due to mental disease. Recently, the Japanese study of Health, Occupation and Psychosocial factor related Equity (J-HOPE study [12, 13] ) was performed to develop and expand research aimed at elucidating the mechanisms underlying social disparities in health and to establish control measures. The goal of the current study, a part of J-HOPE, was to determine an optimal cut-off value for presenteeism in the screening of the absence due to mental disease in the future.
Materials and Methods

Participants
The present longitudinal study was based on data obtained from a survey conducted for our occupational cohort study on social class and health, which was supported by a grant from the Ministry of Education, Culture, Sports, Science, and Technology, Japan. Employees of a major Japanese manufacturing company (headquartered in Kyoto, with 11 other major offices throughout Japan) were recruited. All workers were invited to participate, and 2266 agreed (response rate: 90.1%; age range: 21-65 years; 241 women and 2025 men) in the first year (2010), 2876 participants agreed in the second year (2011), and 2624 participants agreed in the third year (2012). Of the 2876 participants in the second year, 731 participants were new and 2145 participants were the same one who agreed in the first year. Of the initial 2876 participants in the second year, 681 participants for whom presenteeism or absenteeism data were not available at the time were excluded from the analyses. Thus, analyses reported in this study were restricted to the 2195 participants with data on presenteeism in the second year (at baseline) and sickness absences due to mental disease or due to non-mental disease across a 2-year follow-up. Eligible participants (n = 2195) and non-eligible participants (n = 681) did not differ in gender, age, income, managerial job, length of service, education level, smoking habits and exercise in spare time at baseline. But there were statistical significant differences between the groups with K6 score (5.460.1 vs. 4.760.2 [mean 6 SE]), number of people in the household (2.960.0 vs. 2.760.1), and drinking habits (drink approximately every day, 31.9% vs. 38.6%). However, these differences had no medical significance. Absence dates for 10 of the 36 participants who had an absence due to mental disease were not identified. Therefore, the date was defined as the median of the follow-up period in order to define whether the absence dates were during 2 year follow up. Of the 2,195 participants included the analysis, socioeconomic data were not available for 364 participants (Fig. 1) .
The J-HOPE study received ethical approval from the University of Tokyo Ethics Committee and the National Center for Global Health and Medicine Ethics Committee. All participants provided written informed consent before study enrollment. Job position, years of education, annual household income, number of people in the household, drinking habits, smoking habits, exercise during spare time, and length of service were assessed through a self-administered questionnaire. All the sickness absences were registered by the medical center of the participating company. Absences due to mental disease were confirmed through medical certificates for work absence. If the employee is absent more than 3 days, the illness must be confirmed by a medical certificate. Participants who had been absent for reasons other than mental disease comprised one group, while participants who had been absent due to mental disease comprised another group.
Health and Work Performance Questionnaire
Job performance was assessed using the World Health Organization Heath and Work Performance Questionnaire (WHO-HPQ) [4] [5] [6] at baseline. The WHO-HPQ is a self-report instrument designed to estimate the workplace costs of health problems in terms of self-reported sickness absence and reduced job performance (presenteeism). We used the validated Japanese version of the WHO-HPQ short form, which we translated into Japanese and had independently back-translated by an native English speaker. The official version is available [14] . The HPQ measures presenteeism through the following two questions: ''On a scale from 0 to 10, where 0 is the worst job performance anyone could have at your job and 10 is the performance of a top worker, how would you rate the usual performance of most workers in a job similar to yours?'' and ''Using the same 0-10 scale, how would you rate your overall job performance on the days you worked during the past four weeks?'' The absolute presenteeism score was obtained by multiplying the participant's response to the second question by 10. The relative presenteeism score was obtained by dividing the second response by the first response. Absolute presenteeism score ranged from 0 (total lack of performance during time on the job) to 100 (no lack of performance during time on the job). Relative presenteeism is a ratio of actual performance to possible performance (the performance of most workers in the same job) and ranged from 0.25 to 2.0, where 0.25 indicated the worst (25% or less of other workers' performance) and 2.0 signified the best relative performance (200% or more of other workers' performance). In other words, a low presenteeism score indicated poorer performance.
Psychological distress
Depression was measured with the Japanese version of the K6 scale [15, 16] at baseline and after one year. The K6 scale consists of six items that address the frequency of psychological distress symptoms (e.g., ''feeling so sad that nothing can cheer you up'') Table 1 . Participant characteristics by whether participants had been absent due to mental disease across a 2-year follow-up. -: never absent due to mental disease; +: absent at least once due to mental disease; DK6 score (K6 score of the third year -K6 score of second year); income: equivalent income; *P,0.05; difference in proportions and means was assessed by using x 2 test and independent t test, respectively. doi:10.1371/journal.pone.0111191.t001 during the previous 30 days. The response options range from 0 (none of the time) to 4 (all of the time), with the possible total score ranging from 0 to 24. The scale's internal reliability and validity, documented in previous research, were acceptable. In the present sample, Cronbach's alpha coefficient (0.85 [17] ) also met the acceptability criteria for both men and women. Depressive symptoms were defined as present when subjects had a K6 score $13, indicating severe mental illness [18] .
Statistical analysis
Differences in means between groups of the participants with and without absence due to mental disease were tested using t tests.
Associations between categorical variables were tested using x 2 tests.
The sensitivity, specificity, and the area under the curve (AUC) of different cut-off values of absolute and relative presenteeism were calculated. The ROC curve graphically displays the trade-off between sensitivity and specificity and is useful in assigning the best cut-offs for clinical use [19, 20] .
Multiple logistic regression analysis was performed to estimate the odds ratios (ORs) and 95% confidence intervals (CI) of absences due to mental disease or non-mental disease across a 2-year follow-up, using the optimal cutoff points of absolute or relative presenteeism scores at baseline as independent variables. Furthermore, multiple logistic regression analysis was performed to estimate the ORs and 95% CIs of depressive symptoms (K6 score $13) after one year for the optimal cutoff points of absolute or relative presenteeism scores at baseline. The first model was adjusted for age and gender; a second model was further adjusted for depressive symptoms (K6$13) at baseline; and a third model was further adjusted for drinking habits (drink approximately every day or not), smoking habits (current smoker or not), education level (years), job position (managerial job or not), equivalent income (annual household income divided by the square root of the household number), and exercise in spare time (yes or no) at baseline. Two-tailed P-values of less than 0.05 were considered statistically significant. All analyses were conducted using SPSS (version 20 for Windows, IBM Inc., New York, USA).
Results
The baseline characteristics of study participants grouped according to whether they had been absent due to mental disease across a 2-year period are presented in Table 1 . Thirty-six participants (1.6%) were absent due to mental disease. Participants with a history of absence due to mental disease had significantly worse absolute and relative presenteeism scores. Absolute presenteeism score had a large effect size, while relative presenteeism score had a small effect size. Participants who were absent because of mental disease reported more depressive symptoms (K6$13), although no differences were found with respect to the mean of K6 score. There were no associations between socioeconomic variables and absence.
Participants who had experienced an absence due to nonmental disease had significantly worse absolute presenteeism scores than did participants who had not been absent because of non-mental disease, but relative presenteeism score did not differ between the two groups. Participants who had been absent because of non-mental disease had more depressive symptoms (K6$13), were younger, and had a shorter length of service (data not shown).
Optimal cutoff values of presenteeism scores for the prevention of mental sickness absence
The ROC curves for absolute and relative presenteeism score are shown in Fig. 2 . The AUC values for absolute and relative presenteeism scores were 0.708 (95% CI, 0.618-0.797) and 0.646 (95% CI, 0.546-0.746), respectively. These data suggest that absolute presenteeism score could be used as a predictor of future absence due to mental disease.
The sensitivity, specificity, and AUCs of the cutoff scores of absolute and relative presenteeism for the prediction of absence due to mental disease are shown in Table 2 and Fig. 3 . In the Table 2 . Sensitivity, specificity, and AUC of cutoff value of absolute and relative presenteeism in the prediction of absence due to mental disease. ROC analyses of predictors of absence due to mental disease, the cutoff point for absolute presenteeism was 40, with a sensitivity of 50.0% and a specificity of 81.4%, and the cutoff point for relative presenteeism was 0.8, with a sensitivity of 44.4% and a specificity of 84.7%. The high specificity is more likely to identify those who do not have the disease, whereas the low sensitivity could underestimate. It would be achieved good specificity and reasonable sensitivity. The values of absolute and relative presenteeism that maximized the Youden index (sensitivity+ specificity minus 1) were 40 and 0.8, respectively. This result is consistent with that of Youden index method. These cutoff values were considered optimal according to the sensitivity, specificity, AUC, and the 95% CIs. Histograms of absolute and relative presenteeism in our cohort are shown in Fig. 4 . The greatest number of participants received a score of 50 for absolute presenteeism, and 1.0 for relative presenteeism. There were 419 positive participants (19.1%) with our proposed cutoff score for absolute presenteeism (#40), and 341 positive participants (15.8%) with our proposed cutoff score for relative presenteeism (#0. 8) . No participants scored between 1.0 and 1.1. Relative presenteeism is a ratio of actual performance to the performance of most workers in the same job [14] . The two items of the presenteeism scale were scored using integers from 0 to 10. The smallest value and questionnaire 1 score,questionnaire 2 score was 1.11. Therefore, it is reasonable that no participants scored between 1.0 and 1.1.
ORs and 95% CIs for sickness absence due to mental disease or non-mental disease according to proposed cutoff score of presenteeism in actual prospective cohort data ORs and 95% CIs for absence due to mental disease or nonmental disease according to our proposed cutoff score of absolute presenteeism (#40) in actual prospective cohort data are shown in Table 3 . After adjusting for age and gender, participants who scored worse than our proposed cutoff score for absolute presenteeism (#40) were significantly more likely to be absent because of mental disease (OR = 4.75, 95% CI: 2.17-10.37). In a second model, after adjusting for age, gender, and depressive symptoms (K6$13) at baseline, these participants were still Table 3 . Odds ratios and 95% CIs for absence due to mental disease or non-mental disease according to proposed cutoff scores for absolute presenteeism (#40) in actual prospective cohort data. significantly more likely to be absent (OR = 4.54, 95% CI: 2.07-9.95). In a third model, we performed a multivariate adjustment, but the results were essentially unchanged. On the other hand, participants were more likely to be absent because of non-mental disease after multivariate adjustment (OR = 1.29, 95% CI: 1.01-1.66). Absence due to mental disease had a large effect size, and worse absolute presenteeism scores were consistently and clearly associated with more absences due to mental disease. By contrast, absence due to non-mental disease had a small effect size, and absolute presenteeism scores were not consistently associated with more absences, according to adjustment status. ORs and 95% CIs for absence due to mental disease or nonmental disease according to our proposed cutoff score for relative presenteeism (#0.8) in actual prospective cohort data are shown in Table 4 . After adjusting for age and gender, participants who scored worse our proposed cut-off score for relative presenteeism (#0.8) were significantly more likely to be absent because of mental disease (OR = 5.39, 95% CI: 2.44-11.91). After adjusting for age, gender, and depressive symptoms (K6$13) at baseline, these participants were also significantly more likely to be absent (OR = 5.47, 95% CI: 2.46-12.15). Again, the results after the multivariate adjustment were essentially unchanged. On the other hand, the participants were significantly more likely to be absent because of non-mental disease after multivariate adjustment (OR = 1.31, 95% CI: 1.01-1.72). Absence due to mental disease had a large effect size, while absence due to non-mental disease had a small effect size.
ORs and 95% CIs for depressive symptoms (K6$13) after one year according to our proposed absolute and relative presenteeism scores are shown in Table 5 . After adjusting for age and gender, our proposed absolute and relative presenteeism cutoff scores were significantly associated with greater depressive symptoms (K6$13) after one year (OR = 5.41, 95% CI: 3.73-7.84, and OR = 4.79, 95% CI: 3.25-7.05, respectively). Neither adjusting for age, gender, and depressive symptoms (K6$13) at baseline nor performing a multivariate adjustment changed the results.
Discussion
Presenteeism is associated with future sickness absence [9] [10] [11] . To our knowledge, this is the first study to determine optimal cutoff values of WHO-HPQ presenteeism scores by ROC analysis for the prevention of mental sickness absence. There is no AUC analysis of WHO-HPQ. Our proposed cutoff scores for absolute and relative presenteeism are 40 and 0.8, respectively. The cutoff would be provided the best combination of diagnostic sensitivity and specificity. It would be achieved good specificity, but sensitivity is relatively low. However, the ROC curve displays the trade-off between sensitivity and specificity. Furthermore, when the aim is to evaluate a risk factor, it is preferable to have a test with very high specificity and lower sensitivity, to avoid false positive findings and, consequently, bias in risk estimates [21] .
It is very important to develop an effective screening tool for presenteeism. Sickness absence is a public health risk marker for mortality. Melchior et al. reported that psychiatric sickness absence from work appears to be a valid indicator of future mortality risk [22] . Roelen et al. reported that the prior sickness absence episodes model accurately predicted the risk of increased sickness absences in office workers [23, 24] .
Various tools have been developed to measure presenteeism. The American College of Occupational and Environmental Medicine Expert Panel has recommended several instruments to measure health-related workplace productivity, such as the WHO-HPQ [25] . One of the most commonly used instruments is the Table 5 . Odds ratios and 95% CIs for depressive symptoms (K6$13) after one year according to proposed absolute presenteeism or relative presenteeism cutoff scores. WHO-HPQ, a self-report instrument designed to estimate the consequence of health problems on job performance, illnessrelated absence, and work-related accidents and injuries [4, 26] . The WHO-HPQ appears to be the instrument best suited for conversion into monetary units [26] . According to the above reports, it was thought that the WHO-HPQ is one of the best measurements to use. Since there was no validated Japanese version of the WHO-HPQ available, we translated it into Japanese and then had it independently back-translated by an American [14] . The relationship between presenteeism and the risk of sickness absence in our study was stronger than that in previous reports (absolute and relative presenteeism after multivariate adjustment, OR = 4.85 and 5.37, respectively, Tables 3 and 4) . Bergström et al. reported that sickness presenteeism was a statistically significant risk factor for future sickness absence (relative risk = 1.40) [10] . Hansen et al. reported that participants who had attended work ill more than six times in the year before baseline had a higher risk of sickness absence (Hazard ratio = 1.74) [11] . One possible reason for this difference in findings is that we limited our examination to the effects of presenteeism on mental disease. In contrast, the risk of sickness absence due to non-mental disease in our study was lower than that due to mental disease (absolute and relative presenteeism after multivariate adjustment, OR = 1.29 and 1.31, respectively, Tables 3 and 4) and was closer to the results of previous reports. Taloyan et al. found that participants who reported sickness presenteeism had a higher risk of sickness absence compared to those who did not report sickness presenteeism, and that emotional exhaustion attenuated the ORs to non-significance for both outcomes; this indicates that the health consequences associated with sickness presenteeism are largely related to mental health [9] . However, after adjustment for age, gender, and depressive symptoms (K6$13) at baseline in our study, worse levels of absolute and relative presenteeism were significantly associated with more absences. On the other hand, after adjusting for age and gender, participants with depressive symptoms (K6$13) at baseline were significantly more likely to be absent because of mental disease (data not shown). Thus, our findings suggest that the effects of presenteeism on absences may be independent from those of depressive symptoms. The number of participants with absence due to mental disease and a K6 score $13 is small. Therefore, another model was performed. The results after adjustment for age, gender, and depressive symptoms (continuous variable) instead of depressive symptoms (K6$13) were essentially unchanged (data not shown).
Our results show that both sickness absolute and relative presenteeism are significantly associated with future depressive symptoms (K6$13) ( Table 5) . Several previous studies have reported a link between worsening presenteeism and increasing depression severity. Holden et al. reported that all health conditions were associated with a greater risk of presenteeism when comorbid with psychological distress, suggesting that psychological distress exacerbates lost productivity [7] . Jain et al. observed a decrease in overall productivity at all levels of depression, and that presenteeism worsened as depression severity increased [8] . Taken together, our findings regarding the relationship between psychological distress and absolute and relative presenteeism correspond with those of previous studies (Table 5) .
Recently, the adverse effects of long working hours, including karoshi (''death from overworking''), have been a focus of social concern. It has been suggested that working long hours is associated with sickness presenteeism. Böckerman et al. reported that individuals who work full time, regularly work overtime, or have an extended work week are at increased risk of sickness presenteeism [27] . However, our results were different (data not shown). Further studies are needed in order to discuss this matter.
There are several limitations to our study. First, the measurements of presenteeism and depressive symptoms were based on self-reported data from respondents and were consequently subject to recall bias. However, in an effort to reduce recall bias, the recall period was limited to four weeks and 30 days, respectively. In addition, Kessler et al. reported that, with regard to errors in selfreports of work impairments, WHO-HPQ calibration studies showed good concordance of self-reports with payroll records and archival performance ratings by supervisors and peers [4] . These results suggest that any bias in the estimated effects of conditions on work performance is likely to be minimal. Second, our results may be more applicable to men because the number of female participants in our study was relatively small. However, the rates of female participants with and without absences due to mental disease did not differ from those of men. Furthermore, the analyses of outcomes were performed with adjustment for covariates, including gender. Third, since our participants were workers of one large company, the present results may not apply to the general Japanese population. However, the workers were recruited from 12 offices located throughout Japan (from Hokkaido in the far north to Kyushu in the south). Thus, the geographical distribution was reasonably balanced. Finally, we did not adjust for sickness absences in the year prior to baseline in our outcome analyses. However, according to a study by Hansen et al., the association between sickness presenteeism episodes and future sickness absence persists even when controlling for prior sickness absence [10] . In this regard, our analyses were reasonable. Furthermore, this was the first study using WHO-HPQ official Japanese version, and our result has value.
Conclusions
Our proposed optimal cutoff scores of absolute and relative presenteeism for the prevention of absence due to mental disease in Japanese workers were 40 and 0.8, respectively. Participants who scored worse than the cutoff score for presenteeism were significantly more likely to be absent in future because of mental disease. Our findings suggest that considering presenteeism in the screening of sickness absence due to mental disease would help prevent such an absence. Further studies are needed.
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